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Vous nous conviez a aller aux Etats Unis; je vous assure
que ce serait pour moi un tres grand plaisir, parceque j'ai
conserve un souvenir charmant du voyage que j'y ai fait il
y a quelques annees, mais je commence a etre de ceux qui
ne voyagent plus beaucoup. J'espere, neanmoins, que les
membres de la societe des electriciens, qui se sont deja
preoccupes de cette question, repondront a votre appel
et que, bientot, vous pourrez tenir en Amerique, a Phila-
delphie, par exemple, une reunion des societes des electri-
ciens d'Amerique, d'Angleterre, de France et d'Allemagne
sans compter les autres pays.

Mai si je ne puis pas etre des votres dans cette circons-
tance, je vous accompagnerai, cependant, de mes voeux les
plus sinceres pour le succes de votre reunion.

Maintenant, au nora des electriciens francais, au nora de
la societe des electriciens, je vous remercie de nouveau et
tres cordialement d'avoir choisi la ville de Paris pour y tenir
une seance de vos societes associees. Je remercie, en par-
ticulier, nos deux honorables presidents qui ont eu l'initia-
tive feconde de cette reunion extra-territoriale.

Professor J. PERRY : I will ask Mr. Ferranti to open the
discussion.

DISCUSSION ON THE RELATIVE ADVANTAGES OF ALTER-
NATING AND CONTINUOUS CURRENT FOR A GENERAL
SUPPLY OF ELECTRICITY, ESPECIALLY WITH REGARD
TO INTERFERENCE WITH OTHER INTERESTS.

Mr. S. Z. DE FERRANTI : I am indeed greatly honoured by being Mr.
allowed to open the discussion at this most fortunate meeting. I Ferranh-
say most fortunate, because you will all agree with me that nothing
could be better than that the American and English Associations
of Electrical Engineers should have a joint meeting. There is only
one thing in my mind which is perhaps better, and that is that we
should be holding this meeting in Paris, and thus show what a great
tie really unites us all, and' how much more friendly our feelings really
are than is often supposed. The subject for this discussion was left
for the English Institution to select, and I can assure you, gentlemen,
that it was a matter of no little difficulty to decide upon what we should
discuss. The subject which has been chosen you may at first think is
simply a revival of the old contention between alternating and con-
tinuous current. I hope, however, that it is no such thing. Matters
have greatly changed since the early days when the advocates of each
of the two systems were, I may almost say, bitter enemies, and when
they thought that everything that was done by the other side was.
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Ferranti wrongly done. We have all found that that is not so, and that there
are great merits in the particular uses of both systems. But, as I have
said, things have changed, and they have not changed yet as much as
they are going to change in the future. The question that we have to
deal with must be considered in the light of what electricity will be
ten, fifteen, or twenty years hence. You have seen how the industry
has grown ; you know, by being members of the electrical profession,
how much it has done up to now. I think few of us, although it is our
life's work, realise what electricity is going to grow to, and how impor-
tant and universal a part it is going to play. It is, however, in this
light that we must consider what are the best lines to be worked upon.
It is no longer the small isolated systems which could be worked on
one plan or another according to convenience; that we have to deal
with, but it is the question of transmitting and using big powers all
over large areas. • Now, with regard to the advisability or desirability
of one system, the continuous as against the alternating current : many
of you know that I have consistently worked with alternating currents,
and you will therefore appreciate that my knowledge of the other
subject is not what it should be as compared with that of those who
have worked more exclusively in that direction. I, however, desire to
dissociate what I have done from what I am going to say, and rather
than give so much my own opinion, I shall suggest a few points to you
bearing upon what the general opinion is on this subject, as I consider
it most important.

Looked at from the new point of view, this is what presents itself :
Which will be the possible system in the future ? I say " possible"
because many of us have had very serious experiences of the electro-
lytic effects which are produced to such a large extent by the continuous
current. What I am wondering is this : If this system is developed and
extended to a very large extent; will it be possible satisfactorily to pre-
serve any metal work in the earth at all ? We have not only got to deal
with the lead coverings of electric cables, but we have also any amount
of structural ironwork—water mains, railway rails, gas pipes, water pipes,
and all sorts of things—the quantity of which is increasing every day in
our streets all over the country. The amount of property invested
underground in one or other of these forms is reaching a very great
figure; and it becomes a serious question for us, not so much in the
light of to-day, but in the light of the future, when immense develop-
ments will have taken place, to know on what lines we should go, and
how best to protect this immense property, which may be injured by the
otherwise beneficial work which we are doing. Of course alternating
currents are not quite free from the liability to produce some harm, but
what little harm they can do is not of commercial importance. Therefore
I consider it will want our most careful thought and work and investiga-
tion to find out really how we can diminish these electrolytic troubles, due
to continuous currents, or whether it will not be necessary to substitute
alternating current, which produces but slight detrimental effects, and
see how to overcome what disadvantages are now left to it. I hope
that a great many of you gentlemen present will give us valuable infor-
mation on this subject, and, after you have left this meeting, having
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heard the discussions which have taken place, that during the next few ^ranti •
years you will give the matter your careful consideration, and then con-
tribute your views through the electrical press, or by another such
meeting as this, to the electrical profession at large.

Again, gentlemen, I must thank you for having been allowed to open
this discussion. I hope it will be a full discussion and that what I have
said may stimulate discussion and lead to careful consideration of the
subject which will prove beneficial to the electrical industry in the
years to come.

Mr. BION J. ARNOLD: I wish to express my appreciation of the Mr-Ar»nld-
honour conferred upon me by being permitted, in this discussion, to
follow so distinguished a worker in the electrical field as Mr. Ferranti.
I did not know about my colleagues' intentions of calling on me this
morning until late last evening, otherwise I would have taken time to
prepare my remarks. We have air heard that the man who dares to
assert that " electricity is in its infancy " is liable to annihilation on the
spot; but after Mr. Ferranti's remarks I fancy we may be considered,
for the moment at least, to be on the threshold after all.

I think it may bring out the discussion of this subject between the
different countries, here represented, more thoroughly if I outline
briefly the practice in the country which I come from, viz., the United
States of America. For lighting work we started in our large cities
with the direct current system as advocated by Mr. Edison. By the
way, I once saw a letter from Mr.. Edison, written some ten years ago,
in response to an inquiry addressed to him asking his views on the
relative advantages and disadvantages of the alternating and direct
current. His letter intimated that he thought the alternating current
was of Satanic origin, that it was a delusion and a snare, and. that no
good could come out of it. Mr. Ferranti has proven that the contrary
is the case, and judging from his remarks and the work of many others
it seems as though the ideas of his Satanic Majesty may yet prevail.

Returning to our subject, we started in our large cities with the direct
current system and in our smaller cities with the alternating system,
To-day the direct current seems to have not only held its own in our
large cities, but, in addition, is replacing the alternating system in some
cases, although the alternating system holds its place for smaller cities
covering widely distributed districts and for transmission to the out-
lying districts of our larger cities. In the City of Providence, Rhode
Island, one of the first and leading cities in the electric lighting indus-
try, the alternating apparatus originally installed has been entirely
thrown out, in the underground districts, and replaced with a direct
current system of supply, delivering energy on a three-wire 480-240

• volt system. The same thing is taking place in the City of Saint Louis,
Mo., although at this point they have not abandoned the use of the
alternating apparatus, but a competing company has installed a direct
current system on the 480-240 volt three-wire system, which company
has largely taken the business of the'alternating company within the
district it reaches, and the net earnings and operation of the direct
current company have been very satisfactory. I mention these two
important installations to emphasise my statement that the direct
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Mr. Arnold, current is holding its own in our larger cities. I believe the alter-
nating current will hold its prestige in our smaller cities and in the

. outlying districts of our larger cities.
In answer to Mr. Ferranti's advocation of the alternating current for

lighting work in large cities, I will say that there are no means, so far as
I know, for equalising the load upon the power station when the alter-
nating current is used, thus losing the advantages gained in direct
current work when using storage batteries. The installation in the
latter case would require less investment than would be necessary
if the alternating current were used, assuming a reasonable area
over which the energy is to be distributed.

Coming now to railroad work, we started with a 500-volt direct
current system, and gradually increased to 600 and 700 volts, and
are now utilising the latter on the sections of the roads contiguous
to the power houses, and driving our more distant sections with
three-phase 25 or 30 cycle alternating current. I believe this will be
modified, and that the alternating current will ultimately predominate
in railway work. I believe that we shall soon eliminate entirely the
sub-station, the rotary converter, and possibly the static transformers
at the power house. We shall at least eliminate the sub-stations.
Mr. Ferranti is no doubt working on this theory, and so also are others,
in the respective countries here represented, including some from
the United States. Some of us feel that there is a fair hope for
success. It may, of course, be slow in coming, but that it will come
I have no doubt. There are two main difficulties at present in the
way of a complete and successful alternating current railroad system.
The first is the lack of a practical method of starting and controlling
the speed of an alternating motor without excessive consumption of
energy. The second is the one pointed out by me when referring
to lighting work, viz., the lack of a load equaliser corresponding to
a battery in direct current work. Some of us are hoping for and
endeavouring to develop a system by means of which we will
utilise or have the advantages of an equalising reservoir as it were,
thereby taking the place of the storage battery in direct current
railway work. I believe this is coming, and if it is successful we
shall have an ideal system for long-distance railway work, utilising all
the advantages of the alternating current for transmission and the
advantages of the equalised load factor for economy, and we shall
not have the disadvantages of the sub-station and its corresponding
maintenance and labour expense.

I do not know that I can add anything more to the discussion, but
if I have succeeded in pointing out, in a general way, the lines upon
which the engineers of our country, and possibly of others, are working
in the lighting and railway fields, it is all I can reasonably hope to do in
the time allotted to me. If any further information is desired regarding
the details of the work to which I have alluded, I will, if the questions
are asked, give such information as I can consistently at the present
time.

Sir William sir WILLIAM PREECE : I feel somewhat in the same position as the
blank leaf between the Old and the New Testament. I am here as a past
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President of the British Institution of Electrical Engineers, but I am Sir William
also an Honorary Member of the Institute of Electrical Engineers of
America. I therefore speak in the blank-page capacity. I also hold
the position of never having compromised myself by associating myself
either with the direct current or with the alternating current system.
I have used both when I.thought either was right. I believe there are
circumstances in which the one is essential, and under different circum-
stances, where the other properly comes in.

Now, we want to consider the subject before us from different points
of view. We have to consider generation, we have to consider the
distribution of our currents, and we have to consider the transmission of
these currents to great distances. In the first place we have to deal
with the generation of our currents, and there we start exactly from
the same point, for we must all remember that an ordinary dynamo
is nothing more nor less than a simple alternator. So we start from
the same basis.

Mr. Ferranti commenced his remarks by referring to some of the
disturbances. He dealt with the electrolytic effect upon pipes and
metallic coatings. There is another serious disturbance that has caused
many of us anxious moments, and that is the disturbance produced by
alternating currents upon telephones. I have always said that the tele-
phone is perfectly competent to take care of itself. The alternating
current engineer need not worry himself about telephones. The tele-
phone is never complete until it has worked on metallic circuit, and
when that metallic circuit is tested and properly maintained, no alter-
nating currents, whatever their frequency, whatever their strength may
be, can possibly affect telephones. There is another serious difficulty
that we have met with in our practice, and that is disturbances to rail-
way signals. Although under ordinary normal conditions alternating
currents cannot affect the railway signals, there may be sudden rushes
to earth due to those strange effects that were once called, and rightly
called, Ferranti effects, certain sudden effects of momentum in alterna-
ting circuits which raise the voltage so that the insulation is pierced
by great surgings of current. Such things have produced, and will
produce, false signals on our block system unless some step is taken
to prevent them.

The rest of the disturbances are comparatively trifling in their
frequency ; but they have been serious in their consequences. There
are the fires that have been caused by some of these surging effects to
which I have alluded. Now, in determining the necessity for the use
of either system, we have not only to consider what I have said, but
we have to consider the use to which it is placed. There is first
electric lighting, next motive power, thirdly traction, and fourthly
the transmission of power to a distance. I do not think there is a
single man in this room who would not agree that the only practical •
and the only possible way to transmit energy to a great distance is now
the triphase alternating current system. No high pressure continuous
machine has yet been constructed which could possibly do what is
being done between Niagara and Buffalo and in California and in'
Switzerland. There can be no question that for transmission the
alternating currents must be considered pre-eminent.
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A s regards-motive power, we come to quite another question. There
is no doubt at the present moment that the triphase motor is as good
as, if not better than, the continuous current motor under some cir-
cumstances. Mr. Arnold referred to the fact that in his country the
continuous current was holding its own and displacing the al ternating
current. Here in France—I forget where at the present moment—
there is an illustration, where continuous current machines have been
removed, and replaced by triphase, in consequence of the superiority
of the triphase over "the alternating current. So we have this curious
see-saw going on ; at this side of the water the triphase supplanting
the continuous current, on the other side the continuous current sup-
planting the triphase. The moral is, that each in its own sphere is
good, and as both are used there can be no serious defects in either
the one or the other.

One of the most important questions which has not been raised, and
which I should wisli to raise, is that relating to the necessity of
standardising the frequency. I cannot perhaps remember all the
cases, but we commence with Niagara. There the frequency is 25.
There is another large installation where it is 45. In many places
in England—and Mr. Ferrant i himself has started one in the south
of London—the frequency is 50. At Deptford,' in an ' installation
which he originated, the number is now 67. W e come to the City of
London, where I think it is 97 or probably 100. In our first al ternating
current systems in London we started at Sardinia Street with 130.
Now we find that the frequency is varying in different parts of the
world from 25 to 130, and that shows that there is something wrong
somewhere. I believe I am right in saying that the American Engi-
neers would have the standard for motive power 25, for ordinary
distribution 50, and for house distribution where each house has its
separate transformers, 100. I think that is so, but I have no notes
by me to refer to. Anyway, I want to point out that if this joint
meet ing can possibly do any good it will first alia}' the impression
that there is any difference among engineers as to the relative
superiority of al ternating and direct current sys tems; and secondly
that now at this joint meeting we might determine a standard fre-
quency that shall apply to various cases.

I have only one more point to make. That is to call attention to one
line of progress along which we are working in England. I refer to
the distribution of these triphase currents at high pressures to great
distances by means of underground cables. Nearly all the experience
in America is with overhead wires. T h e longest underground system
which I know is the one established by Mr. Ferrant i between Deptford
and Trafalgar Square. This is nearly eight miles long. But under-
ground mains to conduct high pressure triphase currents will be laid to

.a very large extent, and those engineers who will have the designing and
manipulation of these must find out and learn all they can of the effects
of capacity, for in all I have read and all I have seen that capacity is
practically ignored. Everybody considers induction, which is small
in its effects compared with capacity. I anticipate, when we get
long lines of twenty or thirty miles t ransmit t ing triphase currents at
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10,000 volts, great difficulties will be experienced in effects due to pr
r
e™

lliam-

capacity.
Dr. A. E. KEXNELLY : The occasion which presents itself to-day for the D'--

. . _ . ^ T T . . . . Kennelly.

discussion of this subject is, as we have just heard from Sir William
Preece, a most fortunate one, namely, for the expression of opinion as
to the best frequency which can be adopted for alternating current
systems as well as for the cure or dispersal of some of the mists which
still hang over the precincts of the fields of alternating current and
direct current supply. I think we are generally agreed, not only in
America but also, I think, here and in Europe as a whole, that where
you have a densely crowded area to be lit by incandescent lights or
arc lights you cannot do better than supply that area with direct current
at the pressure at which it is to be operated ; and if the area is
narrow and constricted you need not exceed the pressure of a single
incandescent lamp, or say about ioo volts. But as the area
extends, the quantity of copper you put down becomes so large an
item of the capitalisation, that you must employ a greater pressure, say
240 or 250 volts, over a distance up to half a mile or a mile. When you
come to a greater radius of transmission in your dense area you must
employ 500 volts, and finally there arises a limit beyond which it becomes
uncommercial to supply the direct current for the direct application
and you must introduce a higher pressure. To introduce this higher
pressure you must resort to alternating currents, and so in many of the
large cities of America you will find that the heart of the city is supplied
by a direct-current system on the three-wire plan, and then the outlying
regions of that same system are supplied through the medium of alter-
nating currents at higher pressures. The pressure increases as the
distance of transmission increases. We are all agreed that when the
distance of transmission is considerable you must employ the alternating
current. On that ground we all stand. Thus when you have to supply
electric traction systems at a distance, you inevitably employ the alter-
nating current, and then you resort at the distant end, at least in
America, to the direct-current supply through the medium of converters.
The connection together of those two systems is accomplished with
difficulty as well as at considerable expense. There is a set of trans-
formers to reduce the pressure, and then there is rotating machinery
required to supply the direct current. This condition of affairs is so
anomalous and inconsistent with the otherwise great simplicity of elec-
tric current supply, that it is difficult to understand how so remarkable
a combination arose. I think it may be claimed to be due to the fact
that the electric motor for tramways came into existence gradually and
developed as part of a direct-current system, and that up to the present
time the standard traction systems of America have been all direct-current
systems. The difficulty of supplying all the apparatus needed upon
an alternating-current basis, even supposing there were no objections
and difficulties to be met with in the alternating-current motor, have
constituted reasons sufficient to account for the anomalous condition of
affairs. If, however, in the future the difficulties which remain in the
way of introducing induction-motor street-cars can be cleared away, we
may expect, as I think Mr. Arnold intimated, that this condition will be
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Kenneiiy. eliminated, and we shall have nothing more than a plain alternating-
current system from beginning to end. The only considerable dis-
advantage would lie in the difficulty in maintaining a steady distribution
of pressure. The difficulty which is encountered in the matter of the
distribution of direct currents on electric railroad systems supplied from
a distance is, as we know, the electrolytic difficulty. There has been
much trouble in America' on this account. Many pipes have been
destroyed and others have been much damaged by this means. But
that difficulty is giving way to careful and deliberate engineering, and
it is a much less serious difficulty at the present time than in the past,
because engineers know better now what to do. The damage has
occurred not so much to large mains as to service pipes crossing the
streets, and also to telephone cables where the metallic sheathing is
continuous. By careful attention to these conditions, by studying the
outlines of the system carefully, this electrolytic difficulty has been, and
can be in the future, largely eliminated in maintaining a difference of
potential between pipes and tracks not exceeding one volt within the
danger area, by putting down a sufficient amount of ground-return
copper, and by carefully bonding the tracks. This danger from the
electrolytic action resulting in corrosion can be largely eliminated, and
we may expect by engineering skill that this trouble will be almost
entirely overcome.

One disadvantage, however, which has not been pointed out by
preceding speakers in the direction of alternating current traction
consists, I think, in the increased hazard from shock and increased
danger to life and person. An accidental shock from 500 volts of
direct current is not, as a rule, a serious-thing. There are cases on
record, I believe, where it has proved fatal, but they are certainly very
rare, and the number of shocks which are accidentally encountered
from da}' to day over a large number of traction systems is considerable.
If, on the other hand/you employ 500 volts of alternating current and
get an accidental shock from that, the shock may be much more severe
because it would seem from recent experimental researches that the
danger from shock is the danger of disorganising the action of the heart.
The danger in a shock from the direct current is in the first impulse,
and may be° recovered from ; whereas with the alternating current you
get a succession of shocks which may be sufficient to disorganise the
heart beyond all chance of restoration.

There are, of course, other outstanding difficulties with alternating
current transmission on railroads, but they are all seemingly of minor
consequence. There is, for instance, the disturbance affecting the
magnetic needle in general and those of a magnetic obser-
vatory in particular. But it seems to me that" the worst
that can happen in that case is the banishment of the magnetic
observatory from the vicinity of civilised communities to the more
desert regions of the earth. While that may be a misfortune and an
expense in particular cases, yet the aggregate advantage to the entire
community of giving a traction system on the one hand, and removing
an observatory on the other, does not appear to be worthy of
comparison.



1900.] ALTERNATING- AND CONTINUOUS-CURRENTS. 11

Professor
Professor W. E. AYRTON : The special point to be decided at this Ayrton.

discussion, as Mr. Ferranti brought out, is the relative advantage of the
alternating and continous current, especially with regard to interference
with other interests. Interference is the main question we have before
us in accordance with the title. There is no question whatever that we
have had in various countries a very large amount of interference, and
therefore I need not go into the details. Electrolytic interference Dr.
Kennelly has referred to, as well as others, also telephone interference.
A very serious kind of interference has grown up within the last two or
three years, namely, interference with submarine cables. A very serious
case happened in the Cape of Good Hope, where a large amount of
damage was done, and there was considerable stoppage of messages
coming by the Western cable to Europe. There has been interference
with the magnetic observatories that Dr. Kennelly mentioned at the end
of his remarks. There is no question about these interferences, but
there is the question how • are we deal with them ? Should you
endeavour to destroy the attack, or should you allow the attack to
remain and endeavour to improve the defence ? Those are two totally
different methods of dealing with the subject. In other words, should
you endeavour to construct each undertaking in such a way that it will
not cause any interference with anybody else, or will you start with
assuming that there is war ? Are we to assume that the other side are
sure to attack us and that they will not mind our losses and griefs, and
all that we can do is to try to defend ourselves ? To a certain extent
both practices, both plans, have been followed, in Great Britain at any
rate. The Board of Trade regulations state that there shall not be more
than seven volts difference of potential between any two points of the
rails if the rails of the tramway are used as a return. That is an indica-
tion of an endeavour to prevent the enemy attacking us too much,
allowing them to fire at us but not with expanding bullets, so to say.
The regulation does not say how long the line may be with such a
restriction, whether it is to be a long one or a short one. Still the seven-
volt rule applies. Now, it has been shown conclusively that the seven-
volt rule does not give sufficient protection. It certainly does not give
sufficient protection in the case of a submarine cable which lands
anywhere near the place where the tramway runs. It docs not give
sufficient protection in many cases as regards electrolysis, and obviously
it would not give sufficient protection in any magnetic observatory
which might be located in the neighbourhood of the tramway. In the
case of telephones it is possible to obtain a very good defence, and to
make the telephone people more or less independent of attack. It was
indeed the ease with which that defence can be constructed that led the
Joint-Committee of the House of Commons and the House of Lords,
before whom this matter was brought a few years ago, not to interpose
restrictions in the construction of tramways, because the conclusion
they came to from the evidence they heard was that a telephone system
in Great Britain was so shockingly bad in consequence of the use of the
earth as a return—there was in fact so much interference of one line
with another—that even if there were no electric tramways at all, and
no distribution of electrical energy on a large scale, it would be neces-
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AyKon°r sa ry ^or -̂ne telephone companies to resort to modifications. They would
have to do that apart from electrical distribution, and therefore it was
not necessary to restrict electrical distribution because telephones had
to adopt their own defence. But regarding the water pipes and gas
pipes that does not apply at all. They cannot use anything in the nature
of an insulated "return " which will prevent electrolysis.

Now I come to a very important point which has not been suggested
by any of the speakers so far—though perhaps I am wrong in saying it
was not suggested, as it was implied by Mr. Ferranti—viz., that it would
be very different if direct currents were used instead of alternating.
But any doubt of the truth of that assertion has not been suggested by
any of the speakers. If we were to adopt universally a general system
of alternating currents, should we be free from electrolysis ? This is a
point which has been interesting me for some time past, and I was
making some observations on that subject this year in Geneva, where
they have suffered a great deal from damage in the pipes. The matter
was referred to me to investigate, and I will only remark that it is not
at all clear that if only alternating currents were employed the pipes
would be free from electrolysis. Some years ago I carried out experi-
ments and showed an interesting one to certain people in my laboratory.
I took an ordinary sulphuric acid voltameter, the Hoffmann voltameter,
with two tubes and a platinum electrode in each tube. The hydrogen
was evolved in one tube and-the oxygen along the other. We sent an
alternating current through, and the same thing occurred as with a
direct current, namely, the hydrogen came off in one tube twice as fast
as the oxygen in the-other. It is clear that we cannot assume that
there will be no electrolysis because an alternating current is employed,
and I find on this table a sample, of which I did not know previously,
which has been sent by Mr. Trotter, of the Board of Trade, illustrating
that very thing. The label says, " One of a pair of lead pipes buried
in a box of earth corroded by one ampere alternating current passing
from pipe to pipe for six weeks." That is the result. That is not unlike
the corroding seen in Geneva during my investigations. Mr. Trotter
mentions in his letter that the specimen was corroded by an alternating
current coming from Deptford. That does not mean that the Deptford
current is worse than any other. He states that the current came from
Deptford to show that it was not any fancy laboratory current. I
admit mine was a laboratory current, but it was produced at any rate
by a Ferranti dynamo. The letter proceeds " to show it was no fancy
laboratory current—I add it with regret because Mr. Ferranti will
argue, I suppose, that less damage is clone by alternating than by
continuous current. There are no more particulars to give except
that the pipes are six inches apart and the sides where the currents
passed each other are more corroded than the other parts."

It is clear, then, that alternating current will not give us protection
with certainty, and it is clear also that it is a very important question to
examine under what circumstances do alternating currents produce
electrolysis, and under what circumstances they do not. That is a
subject which has attracted a good deal of attention subsequently to mj'
publishing the little experiment I told you about in connection with the
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voltameter, and I shall be very glad to hear from the meeting the results
of any experiments which will enable us to settle what should be done
with a lead pipe so as to make it, if possible, immune to action by an
alternating electric, current. For it is not possible to do that if such
action occurs. If I polarize my platinum plates by means of a direct
current first, then decomposition by means of alternating current takes
place with perfect ease. I do not mean to say that the same amount
of gas came off for a given number of coulombs which would have
come off with the same number of coulombs of direct current, but
I mean that when the observer saw the voltameter without looking at
the ammeter at all, he saw no difference whatever between the
hydrogen and the oxygen coming off with the alternating current as
compared with that from the two separate tubes with the direct
current.

Speaking now about the defence, about arranging our pipes (water
and gas), and the submarine cables, so as to prevent the attack hurting
us. In spite of what Dr. Kennelly said, I think more might be done to
avoid the attack, and I am happy to say the London Tramways Com-
panies have not looked at the matter at all from the drastic point of
view that Dr. Kennelly has just suggested. The London Tramway
Companies have not said, "We are coming. You have magnetic
observatories near London. If we destroy them we are very sorry, and
you had better go somewhere else." They have not taken that line at all.
The line they have taken is, "Will you try.and find out for us what we
must do, the least we must do, to ensure you immunity from distur-
bance ?" The result, as some of you know, has been that a Joint Com-
mittee was appointed by the Board of Trade to carry out experiments
and find out what was the magnetic disturbance produced by existing
electric railways and tramways in Great Britain, when those tramways
or railways worked under the Board of Trade regulations. When the
difference of potential between the rails did not exceed seven volts, what
was the disturbance ? We found the magnetic disturbance very con-
siderable and the seven-volts limit was quite impossible in the neighbour-
hood of the observatory.

Without giving you a long account of all the experiments, I will
give you practically the final result. The final result of the experiments
and negotiations, for which we have ver.y much to thank our British
President and Professor Riicker, for they have taken a very active part
in connection with these negotiations, has been this : Within two miles
of the observatory the Tramway Companies offer to cut up their line
into one-mile sections—that is to say, no part of the line in that neigh-
bourhood shall be electrically continuous for more than a mile, each
mile being insulated electrically from the rest of the tramway system,
and that current shall be brought to the trolley wire at the middle, and
taken away from the rails at the middle of each mile section. Further,
that no point whatever of the rails of any of these sections shall be
allowed to differ from the potential of the earth by more than one-
fifth of a volt. We have assured ourselves by calculation and by
experiment carried out in different parts of London and Great Britain,
that with such a difference of potential magnetic instruments will pro-
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AyrtCnS.°r bably not be disturbed to an amount that will be practically serious;
that is to say, by an amount that will interfere with the ordinary obser-
vations carried out in a good magnetic laboratory. So I am very happy
to say that the tramways, although they are about to use American
plant, have looked at the matter from what I may call in this case a
•/w/j-American point of view. And instead of relying on a supposed
superior importance possessed by tramways over a study of the earth's
magnetism, they have worked cordially with the Government represen-
tatives in ascertaining what precautions must be taken to ensure
immunity for the London magnetic observatories without introducing
too much interference with the commercial working of the tram-
ways.

There is one other point with reference to alternating currents for
electric tramways which has not been yet suggested. I was informed
that one of the reasons why in the United States alternating currents were
not employed was because they' found a difficulty in getting a good
contact between a trolley pole and the wire when the wire had snow upon
it, more difficulty, that is to say, with alternating than with direct current.
Since that time, which was in 1897, certain electric railways have been
constructed on the Continent of Europe which use alternating current,
and it will be interesting ift any one here can tell 'us whether any diffi-1

culty has been experienced in the winter when snow rested on the
trolley wire ; that is to say, more difficulty than would have been
experienced had the direct current been employed.

M. Koicla. M. DESIRE KORDA : Lorsqu'il s'agit d'une distribution dans une
grande ville, le courant alternatif, monophase ou triphase, grace a la
facilite de sa transformation, offre des avantages sur le courant continu
a haute tension qui exige pour sa transformation des transformateurs
rotatifs ; quant au courant monophase, la grande objection qui s'oppose
souvent a son adoption est la difficulte de son application a la force
motrice, le vrai moteur a courant alternatif simple n'etant pas encore
invente. Par suite, dans bien des cas, on preferc adopter le courant
•polyphase malgre la difficulte qu'il y a a regler convenablement les.
trois ponts, et a maintenir les tensions egales ; on a quelquefois recours
a des systemes plus ou moins compliques, polycycliques ou autres.

C'est sur la question des courants polyphases que je voudrais dire
quelques mots, ou plutot sur un cas dans lequel leurs avantages et leurs
inconvenients par rapport au courant continu se montrent d'une facon
beaucoup plus evidente, sur le cas de la distribution de force dans une
grand usine, comme, par exemple, une sucrerie importante.

Les courants polyphases, comme vous le savez, messieurs, se sont
repandus tres rapidement pour la distribution de l'energie dans de telles
usines grace a la simplicite des receptrices qui ne necessitent qu'un
entretien presque mil; au contraire, pour les courants continus, le col-
lecteur demande beaucoup d'entretien, une proprete plus grande et
plus difficile a obtenir, specialement dans le cas d'une usine comme la
sucrerie dont je parle et dans laquelle on rencontre a chaque instant
des liquides plus ou moins visqueux et des poussieres qui se fixent pies
du collecteur.

Assez souvent, j 'ai etc amene a comparer ces deux systemes dans
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des projets et j'ai eu la l'occasion de voir leurs avantages et leurs incon- M- Korda-
venients respectifs.

Les quelques points sur lesquels je me permets d'attirer votre atten-
tion' sont les suivants.

Au point de vue de l'entretien, comme je viens de le dire, et pour le
cas que j'ai cite, il n'y a pas a hesiter, tout l'avantage estpour le courant
polyphase.

Seulement, voici un inconvenient qui se presente. Dans une usine
comme celle que j'ai prise pour exemple, il est impossible d'adopter
des courants a haute tension, precisement a cause de ces liquides vis-
queux et de ces poussieres dont j'ai parle ; la proprete sur laquelle on
peut compter est tres relative, et l'encrassement qui en resulte interdit
l'emploi de ces courants a haute tension. Aussi la direction de l'usine
limite l'ingenieur electricien a une tension qui ne depasse guere 200
volts, parceque les tensions efficaces depassant 200 volts pour un courant
alternatif donnent comme valeur maxima des tensions qui commencent
deja a etre considerees comme dangereuses. Or, dans cette usine, vous
avez a actionner de nombreux moteurs, des centrifuges a sucre, par
exemple de grandes dimensions, et ces centrifuges demandent du courant
de grande intensite, surtout au demarrage..

II faut done canaliser des courants puissants. Or, le proprietaire de
l'usine veut depenser le moins possible pour la canalisation, et, a cause
du prix, prefere les cables nus aux cables isoles. Comme on ne peut
pas tordre ensemble les trois cables nus'comme on aurait pu le faire
avec les cables isoles afin d'eviter l'effet de la self induction, on est
oblige de les placer aussi pres que possible les uns des autres. Mais il
y a forcement une limite a leur ecartement a cause de la tension et de
l'etat de proprete peu sur. Voila done encore une 'nouvelle cause de
courant dewatte pour l'ingenieur electricien charge du projet d'installa-
tion, surtout si la station centrale d'energie electrique se trouve un peu
eloignee des ateliers dans lesquels la force motrice est employee. Si
elle est, par exemple, a une distance de 200 ou de 250 metres, la self-in-
duction de la ligne va jouer deja un grand role dans une usine d'une •
certaine importance.

A l'augmentation de l'intensite du courant provenant du decalage
des moteurs vient done s'ajouter la chute de tension provenant de la self
-induction de la ligne.

En outre, dans bien des cas, Ton ne vous accorde pas une machine
motrice speciale pour l'excitatrice ; le proprietaire de l'usine se dit que,
s'il employait du courant continu, la meme machine lui donnerait l'ex-
citation, et qu'il n'aurait pas besoin d'une machine speciale. Se basant
sur ces considerations, il vous demande done d'etablir un devis en pre-
voyant l'excitatrice sur la meme machine que la generatrice. II en
resulte une troisieme raison qui vous limite en ce qui concerne le vol-
tage du reseau. En effet, au moment de la plus forte charge de l'alter-
nateur, la machine a vapeur se ralentit ; l'excitatrice se ralentit aussi, et,
quand Ton a le plus besoin de voltage, l'excitatrice, comme Ton dit vul-
gairement,inous laisse en plan. Cette diminution du voltage est, en effet,
comme vous le voyez, en raison directe du carre de la diminution du
nombre de tours de la machine.
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M. Korda. Voila done trois raisons qui font que, pour des applications du genre
de celle dont j'ai parle, on est force de choisir une machine d'une
capacite plus grande que si l'on employait du courant continu.

Voici maintenant que le remede commence a se faire jour. Comme
vous le savez, Ton a commence, dans ces derniers temps,—et c'est
l'Exposition Universelle de 1900 qui en a fait la premiere application
pratique—a s'occuper du compoundage des alternateurs; je crois, en
effet, que, dans des cas analogues, le compoundage est tout indique, et
non seulement le compoundage mais l'hyper-compoundage, car, non
seulement il faudrait pouvoir compounder les alternateurs, mais il
faudrait aussi pouvoir arriver a l'hyper-compoundage en ce qui concerne
la canalisation pour tenir tete a l'abaissement du voltage provenant de
la self induction de la canalisation et des moteurs.

Je crois, par consequent que, le jour 011 cette application dont nous
avons vu la premiere apparition pratique a 1'Exposition Universelle se
generalisera, la situation du courant polyphase, par rapport au courant
continu s'ameliorera encore.

Tout ce que je viens de dire n'a rien a voir avec une distribution
d'energie electrique dans une grande ville, parceque dans ce cas, Ton a
une haute tension, et "la chute du potentiel est proportionnellement tres
faible; les intensites etant tres faibles, la valeur de la contre force
electromotrice de self-induction correspondante est faible : aussi ces
difficultes dont je parlais s'eliminent en quelque sorte d'elles memes.
Mais lorsque Ton a une grande usine a desservir, et qu'il faut employer
de grandes intensites de courant sous une basse tension les trois causes
que j'ai citees se presentent, et Ton est oblige, naturellement, d'en tenir
compte.

Professor Professor F. B. CROCKER : I think now that the discussion has been
opened, and the subject generally covered, that the time has come when
we may confine ourselves to a few special points. The subject of our
discussion is with special regard to interference. I do not think that
is the most important point, but as that is the subject we should apply
our remarks largely to that. There are two interference effects that
electric currents produce. I think they might be classified as the induc-
tive and the leakage effects. Under the head of inductive I should include
the magnetic effect, because the inductive effect is the magnetic effect,
and vice versa. Now, the inductive effect of the direct current is purely
magnetic, it produces only magnetic effects in its vicinity. Therefore
its disturbing effect is upon magnetic apparatus in magnetic observa-
tories or upon magnetic apparatus generally. But there are not many
magnetic observatories in the world, and, as Dr. Kennelly observed,
they might be relegated to a point where they would not be interfered
with. It does not seem to me that the progress of the electric art ought
to be influenced greatly by the existence of a few magnetic observa-
tories, and certainly it wouid not be so in many places. So I should be
inclined to agree with my fellow-member and dismiss that point as not
very serious, to say the least.

The alternating current also has an inductive effect, viz., the produc-
tion of currents in its neighbourhood. It also produces a field, but that
field being alternating produces no permanent effect upon magnetic
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apparatus. But the current inductive effect is produced solely by the
alternating current, and that I should consider the more serious, because
we have many more.telephones or even telephone exchanges than we
have magnetic observatories. As Sir William Preece has said, we can
largely avoid that inductive effect by metallic circuits. But there are
cases where we want wires overhead, and under those conditions we
can hardly eliminate the inductive effect except by transposition of the
wires, which is not a complete preventive. Furthermore, in certain
cases and in smaller towns grounded circuits are used, and it seems to
me that the inductive effect which produces a current in a neighbour-
ing conductor is a more serious disturbance than that of the production
of a magnetic field. I think that is so at the presentitime, and I think
it will always be so. Therefore I should say that on that account the
alternating current is more guilty than the direct; in other words its
disturbing effect without leakage is greater than that of the direct
current. Now, the leakage effect, unfortunately, is much more serious
with the direct current. The leakage of direct current is' that which
produces the electrolytic effect, and is the most serious interference
that electric currents produce on other apparatus or other interests.
But that leakage is something we can control to a great extent. The
production of a magnetic field and the inductive effects are much more
elusive than mere leakage. In high-tension conductors, overhead or
underground, the leakage quantity is exceedingly small. It must be so.
If considerable leakage occurred in an underground conductor at
several thousand volts it would produce a short circuit or a ground.
But there is a leakage occurring in low-tension conductors. I think
that is because we have allowed it to exist. If we insulate high-pressure
conductors as well as we do, we can insulate low-pressure conductors
equally well or better. I had occasion to test the underground network
of New York City, many miles in extent, and the system was split up in
sections to enable this to be carried out. We found that the leakage
was not excessive ; it is a very small percentage of the current—con-
siderably less than i per cent., as the test showed at the time. I am
referring to electric lighting conductors which are not grounded. A
similar result is found, I believe, by a comparison of the total output
with the output that is useful. That shows that the leakage is a small
quantity. In the gas industry that is not the case. A very large per-
centage of gas—10 or 20 per cent, in the case of New York—is lost by
leakage. But that is not true in electric distribution. So I should say
that the fact that we have now in electric conductors, overhead or
underground, a considerable leakage, is a temporary condition which
can be overcome. I am sure electric conductors, except those pur-
posely grounded, can be so laid that the leakage is a negligible quantity,
even for long-continued electrolytic effects. Now, with the grounded
trolley system, the single-wire trolley, the current must go into the
earth. But there again by the use of improved methods, return feeders,
and more perfect bonding, we have reduced that promiscuous flow of
current through the earth, until now it is very much less than it was
before, and I think it can be brought down to a quantity which is also
insignificant. If it can be reduced to the figure which Professor Ayrton

VOL. xxx. 2
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Protessor mentioned—one-fifth of a volt—if that were the difference of potential,
Ciockei. .£ W O U J ( J k e far below any dangerous electrolytic limit. So, apparently,

the interference is not so very different in the two cases—that is to say,
the alternating has a greater inductive effect without actual transfer of
current, and the direct current has much more serious electrolytic
effects. But those can be and have been largely overcome by more
perfect construction.

I should like to say just a word on the motor question. Sir William
Preece cited a certain instance where direct current machines had been
replaced by alternating. I know of several other instances where
alternating have been replaced by direct, so that evidence is not at all
conclusive. Tha t point alone could well occupy us for much more
than the t ime we have at our disposal. I will simply say now that so
far as efficiency is concerned the two kinds of motors are almost
identical. I have in my possession efficiency curves of the latest
induction motors from the Westinghouse and General Electr ic
Companies, and I compared them with the efficiency curves of direct
current machines of the same size and the agreement was almost
perfec t ; the two curves coincided almost exactly at full load and at
all loads above one-third of full load. Below that the agreement was
not so close.

A Member. A M E M B E R : W h a t do you call the same size ?
Professor Professor CROCKER : I mean in rated capacity, also in actual
Crocker. capacity. The agreement of the two sets of curves was remarkable

and complete, except at very small fractions of full power the direct-
current motor has a better efficiency, but at one-half to full load the
agreement was almost perfect.

SirW.Preece Sir W I L L I A M P R E E C E : W h a t was the efficiency in per cent. ?
Professor Professor CROCKER : I t depends on the size. The efficiency depends
Ciockei. Q n £j i e c a p a c j f y of ^he machines. For example, a small machine, a one

kilowatt al ternating-current induction motor, would have the same
efficiency as a one kilowatt direct-current machine between half and
full power, and the curves representing that efficiency would agree
exactly.

SirW.Preece Sir W I L L I A M P R E E C E : W h a t percentage of ioo ?
Prof Crocker Professor CROCKER : Tha t depends on the size of the machine .
SirW.Preece Sir W I L L I A M P R E E C E : Take one kilowatt ?
Prof Crocker Professor CROCKER : I do not recollect that figure.
SirW.Preece Sir W I L L I A M P R E E C E : W a s it over 90 per cent ?.
ProfCrocker Professor CROCKER : No, it was n o t ; but we compare the two

systems, and I say there is no choice in that respect, except that the
direct-current motor was higher efficiency at light load ; at other loads
the two are equal. '

Now as to regulation for constant speed, the two machines are
equivalent. A percentage of reduction of speed occurs when the
machine is loaded from zero to full load. First-class direct and
alternating current machines are equally good in that respect for
constant speed ; but when you regulate for variable speed the direct-
current motor has a great advantage over the alternating-current
motor. It is equal in efficiency, it is equal in regulation for constant
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speed, but the direct-current machine is superior for variable speed. Prof?ssor

That applies not only to stationary motors, with which I am most familiar,
but it applies also to electric railway machines, and I think is equally
important for stationary and for traction purposes. It is in that
respect that the direct current has its advantage for power purposes over
the alternating. I do not think it would be fair to the direct current,
or proper to this occasion to allow that point to pass unquestioned.

Mr. W. M. MORDEY : With several of our American visitors I have Mr. Mordey
discussed during our meetings the question of. earth drop on the
return circuits of tramways, and I have found a general disposition
to suppose the Board of Trade regulations restricting the drop within
7 volts was not adhered to, and could not be adhered to. I have
just carried out a very complete series of tests on many miles of
tramways in England ; and one of the things I had to investigate was
that question of earth drop. I found in that system, running under
the fullest load conditions, that the drop of potential never exceeded
5 volts. You will notice in tramway stations that the recording instru-
ments which we always use, but which I think are not used in
America, may momentarily indicate more than 7 volts; those instru-
ments indicate higher momentary effects than the real value. For
instance, if you suddenly switch one of those instruments on to a
steady pressure of 6 volts, it will usually swing to about 10 volts. One of
the differences between English and American practice is, I think, apart
from the question of scale, that great attention has been given to this
question of earth drop, and to the continuous recording of what is
happening. The Board of Trade regulations are strictly enforced.
I am sure the result has been good. I hope in this discussion we shall
obtain from our American visitors some actual quantitative results
arising from electrolysis. The real point which I think was intended
to be brought out was whether or not electrolysis, quite apart from
other questions, would not be a determining factor in the development
of systems of supply, at least where earthed conductors were used.

I will ask you to bear in mind the one and only absolute cure for
all troubles of this sort, whether direct or alternating currents are
used—the insulation of both conductors. I expect to find it applied in
the future in all railway cases and in all conduit cases, whether for
direct or for alternating current. Quite apart from the avoidance of
electrolytic effects it has many advantages. To comply with Board of
Trade regulations we have to use boosters and great quantities of
copper to assist the return circuit. There would be no objection to 25
or 50 volts—or even more, instead of 7—if we had not to consider
electrolysis. We could, if we wished—and if it were economical to do
so—have as big a drop on our return as on our trolley line if we used
an insulated return ; and we should get rid of bonding and of sparking
at dirty rails, and of electrolysis. Information as to the results of the
working of the double trolley system at Cincinnati, where it is or has
been employed on a large scale, would be of great assistance to us.
We should like to know if, in America, in your conduit or railway work,
you are making any efforts to avoid the objectionable earth return. '

Whether in the future there will be any preponderating system
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Mr. Mordey. 5fi\\ s e e m s quite uncertain. It may be the system is going to be
alternating for transmission and direct for distribution ; but I cannot
help thinking that ultimate simplicity will lead to the use of
alternating currents for almost everything, at least where we have long-
distance transmission or large areas. In railway work where we begin
with alternating currents, the simplicity of transformation will probably
ultimately lead to the use of alternating throughout. There is,
however, much to be said for Mr. Lennard's system, with his rotary
convertor on the car, if direct currents have any part. My own
feeling, in spite of present fashions in England, is that sooner or later
we shall have in all large systems the alternating current right through.
I believe the rotary transformer is a make-shift, to be cleared away
sooner or later for railway work; it is quite unnecessary for lighting
and only indispensable for electrolytic work.

Some of you may go. on to Switzerland from here, and may see the
examples of alternating work there. You will see the Burgdorf-Thun
Railway and the Engelberg and Jungfrau Mountain Railways, where
many questions are disposed of. If you, can start a train on a mountain
rack railway you can start one anywhere.

We have, during the last few days, seen the Central London
Railway, and highly appreciate the facilities afforded us by the Com-
pany during our visit. But all of us who have had to do with the
estimating of engineering work will have felt that if all the cost of
those sub-stations—their static and rotary transformers and so on, their
first cost, their maintenance, their working cost in power and labour—
could be realised and put into conductors, we should have, for that
case at least, a simple system which would be safer and probably more
economical in first cost, certainly in working cost afterwards.

The question of capacity has been referred to. It is more serious
in alternating underground work than is generally realised. • I recentty
had to investigate some difficulties due to capacity on a system of
two hundred and fifty miles of underground cables in St. Petersburg.
There is .really much less difficulty than is generally supposed in over-
coming most of the effects of capacity of such mains. I wish I had time
to say more on the subject, but must leave it to an opportunity which
I hope may be granted later.

I should like to refer to one " existing interest." I mean the
interest of the public and of the scientific laboratories and obser-
vatories. There can be no question that ultimately these institutions
will have to be removed from the centres of large populations where
there are great applications of electricity, unless the methods adopted
in those institutions can be so ordered as not to be interfered with
by such applications. Fortunately we have at the Board of Trade a
striking object-lesson. As far as I know, the Board of Trade electrical
standards laboratory is the only electrical institution in England which
is legally obliged to be accurate. It is laid out in such a way, the
responsible officials say, that although they are in the heart of London
they do not mind what electrical applications are made in London ;
their arrangements are such that they can carry on their work with the
accuracy demanded by law without any reference to what is going on
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• outside. That does not touch the question of measuring the magnetism Mr> Mordcy-
of the earth. But surely that should be measured where it is the mag-
netism of the earth and not that due to the application of electricity
to the use and service of man. There was a case in London of an
institution, whose work I would not for a moment depreciate, where the
influence of that institution was exerted successfully to prevent what
would have been a very great convenience to the population of
London, the running of an underground electric railway. It is difficult
to speak calmly of such an action. There was no sort of proportion
between the two interests ; yet, though the object of the scheme was so
excellent, the smaller interests were allowed to stand in the way of the
benefit and the convenience of the population of London.

Mr. C. O. MAILLOUX : The subject has been so-well discussed—it Mr-
has been nearly exhausted already—that there is very little to be
added. There is one point only which I think has not yet been fully
discussed. In our country we would take a broader interpretation of
the topic of discussion than is being taken here. The effects produced
upon certain industries oftentimes effect the feasibility of the industry,
and in this connection I have been able to note the practical difference
between the two systems, and the one which in fact determines the
feasibility of either one, or its want of adaptability, according to the
case. One of the important points, which it seems to me has been
neglected, is the influence of the power factor in the case of the alter-
nating current. My colleague, Professor Crocker, has pointed out quite
clearly the similarity in results obtainable between the alternating and
the direct-current motors. He has also pointed out that at constant
speed they work quite alike. But he has neglected, to note that the
influence of !the power factor on alternating currents is a matter of
importance. As we know, when the electromotive force of the source
of supply of a direct-current shunt-wound motor varies, the magnetic
field of the motor varies, but that has the effect of merely changing the
armature current to an extent necessary to maintain the speed ; so that
although there is speed fluctuation, it is not so great as when the
electromotive force varies in the case of the alternating-current motor,
because the speed is in this case a higher function of the electromotive
force. In our country we have several isolated plants which assume
the dignity and importance of central stations. It is not uncommon
for us to have isolated plants of one thousand to three thousand horse
power, which distribute energy over a zone of about half a mile radius.
It is under such conditions that these difficulties are to be noticed. I
remember an instance where a certain process for manufacturing
coffee was employed, the electric current for which was furnished from
a power station which also supplied lights to the district. It was found
that owing to the enormous wattless current produced at the starting of
the motors, on many occasions the line and even the generators would
be overloaded, the result being that the current supply was cut off by
the fuses blowing off, and that the machinery which was used in that
coffee mill was put out of action, oftentimes at critical moments, when
the stoppage meant great loss. The alternating-current motor system
became absolutely inadmissible in this case from that circumstance, and
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Maiiioux 'lac* *-° b u abandoned. One of the great objections, as you know, to the
alternating-current motor of to-day is the fact that it takes such a large
current at the time of starting. Its large wattless component is a
serious matter, affecting as it does the working capacity of a line where
the motors are constantly stopping and starting. Where all the motors

- are running together at an approximately constant load and at constant
speed, the problem is simple, and there are no industrial reasons why
the alternating current, should not be placed upon an equal footing
with the other. But where the motors are constantly stopping and
starting, and especially where the distribution of power is constantly
changing, and also where you load certain feeders more than others, the
disturbance becomes very important. It has to be seriously taken into
consideration by the designing engineer in laying out the plant. I
have had occasion to instal a plant in a sugar refinery which required
2,000 H.P., and it was decided to adhere to continuous-current
motors partly for these reasons, and also for the reason that in cases
where variable speeds are required, and where the machinery is
required to run at intermediate speeds, there can be no question that
the direct-current system is at the present time the most suitable,
if not indeed the only feasible one. I wish in this connection to speak
of the pertinent remarks made by our French colleague in reference to
one of the features, one of the industrial conditions, which oftentimes
influences the selection of systems. I refer to the cost of the wiring.
It is true that to-day, at least for the larger distributing conductors in
buildings, and within a short radius, as well as for underground
purposes (where we are obliged to use concentric or twisted "con-

.ductors), the cost of the wiring is necessarily much greater than in the
smaller branches and net works, such as the local lines or mains which
run to individual motors. In our country the problem is, to some
extent, solved, since we use iron conduits any way for these lines.
Our insurance regulations prescribe, indeed practically compel, the use
of iron conduits for the smaller lines, and, usually, we have two
conductors, twisted or concentric, as the case may be, laid in iron
conduit, whether the circuit work be used for direct or for alternating
currents; but in the case of the larger conductors the arrangement
need not necessarily be the same in both cases. With alternating
current we must still use a twin or duplex conductor laid in iron
conduit, to keep down the reactance drop. With direct current there
is no reactance, and we are not compelled to use twin conductors. It
is often found to be very much cheaper to use two separate conduits,
and two ready-made single conductors (especially in the case of the
larger feeders or mains), than to use one single conduit very much
larger in size and a cable specially made at relatively great expense.
The mechanical difficulties in laying the larger conduits, their greater
obtrusiveness and the greater space occupied by them, especially at.
bends, turns, offsets, &c, would be sufficiently objectionable even if
they did not, as they do, in most cases, make the cost relatively greater.

Professor Professor SILVANUS THOMPSON : We have had no observations

iompson whatever upon the relative interference of alternating and continuous
currents on board ship. It is of absolutely vital importance that there
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shall be no interference with the magnetism of the compass, and
yet, extraordinary as it may seem, almost all ships that are equipped
with the electric light are equipped with continuous current apparatus.
I never could understand why that was. Some of the earliest vessels
had alternating currents on a three-wire system, with the skin of the ship
serving as a middle wire, but this system was succeeded by one with
the very worst kind of continuous-current generator which could be
put on board, viz., the bi-polar. I hope to see a complete revulsion
in ship-fitting from this plan.

No reference has been made to the somewhat greater danger of
fire that exists where conductors are carried through damp places
if those conductors are served with continuous current. Electrolysis
beginning at some leak will develop a current which eventually heats
and destroys the insulation at that point, and thus originates a fire.
With an alternating current you are less likely to have that occurrence.
On the other hand, I suppose switch-makers will tell us that alternating
switches are more expensive than continuous. No one has mentioned
that while for arc-lighting admittedly there is some advantage in using
continuous currents, for glow-lamps there is an advantage in using the
alternating current. Not that there is any higher efficiency : that
fallacy has long been disposed of ; but if you use a continuous current
for glow-lamp purposes, and the distribution is to take place over any
large area, it becomes absolutely necessary to go to the high-voltage
lamps working 200 to 250 volts. Now any one who has taken the
trouble to measure the reputed efficiency of high-voltage glow-lamps
will know how inferior they are to the 100-volt glow-lamps ; things
which are supposed to be taking 3^ watts per candle being found
actually to take 6, 7, and 8 watts per candle. I think there will be
a great revulsion when the facts are known about the inefficiency
of high-voltage glow-lamps. I prefer to have 50-volt glow-lamps; they
are better in every way, and last longer. This is impracticable with a
continuous current, but with the alternating current it can be done
where there are house-to-house transformers; and so, using low
voltage lamps, you can work to a much greater distance with alternating
than with a continuous current.

I was sorry to hear Dr. Kennelly rake up the fallacy of there being
a greater danger to persons from the alternating than from the con-
tinuous current. But that is a revival of a bit of the old electto-
politics. When people wanted to damn the prospects of alternating
currents and show how much better they were for electrocution, this
was the line they took. I hope those arguments have disappeared. I
think there is some evidence that the alternating current is not so
dangerous as the continuous current; that the sjiock which is given by
the alternating currents throws backwards the unfortunate person who
receives it, and does not contract his muscles upon the conductor
in the way that a continuous current does. The researches of Prof.
H. F. Weber must not be overlooked. I prefer to leave that question
to M. d'Arsonval, who understands these electro-physiological effects
better than we electrical engineers.

Professor Ayrton raised the question of the electrolysis produced
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Thompson ^Y ^ e alternating currents. Might I point out that the question
whether alternating current will, in any given circumstances, produce
continuous electrolysis depends very largely upon the question of the
relative area of the electrodes employed and the density of the current.
Because whether gas is disengaged at that area or not during the
period depends on the density to which that gas accumulates, and
whether it is given off. In fact the question whether the polarisation
becomes irreversible or not is very largely a question of scale.

Lastly, I will draw attention to certain points connected with
electric traction on a large scale. I re-echo the suggestion of Mr.
Mordey, that it is well worth while for one who has not seen those
electric railways in Svvitzerland to visit them, and to see how admirably
the three-phase current is adapted for starting trains under the most
severe circumstances possible. It is known from the experiments
of Professor Carus-Wilson that the difficulty of the acceleration of
the motor at starting is after all imaginary; and that it requires an
extra percentage of current is also a fallacy. Every motor started
upon a load takes more current than when running on that load ;
and this is true also of the tri-phase motor. The current required
to produce rapid accleration is even more important than the starting-
torque ; and the three-phase system, instead of being worse, is distinctly
better.

We have had in London several recent object-lessons on electric
traction. One of them has been, from one point of view, a gigantic
success, but also a total failure. Little more than a year ago we
were told that one of our millionaire railway companies had put down
a sum of, I think, ^30,000, to have experiments tried upon the Under-
ground Railway. I referred nearly a year ago to this supposed
experiment, and pointed out that the one experiment which was
wanted for electric traction was to ascertain whether a three-phase
motor arrangement would be better than a continuous one. We knew
pretty well, but we wanted it tested, we wanted a verification. That
experiment has not yet been tried. There were called in several
engineers of the highest distinction, and they were aided by the
constructional ability of Messrs. Siemens Brothers. But the only thing
which has been tried, notwithstanding that all the resources of a great
railway company stood behind the experimentation—I say it before
Sir William Preece's face—all that they have succeeded in doing is
merely carrying out on a large scale what was done at Gross Lichterfelde,
by Siemens and Halske, fifteen years ago, viz., establish the fact that
you can drive by the continuous current, using conducting rails put
beside the ordinaiy rails. The London press has pronounced this
experiment to be a perfect success. I regard it, on the contrary, as
an abject failure, inasmuch as it gave us no further information.

Lastly, if you are going to have, as I think we shall have, trains
running at 100 or even 150 miles an hour, driven electrically, there
will be ho chance of success if we have to depend upon a motor
which has got a commutator upon it. I speak of a new growing
interest, viz., exceedingly rapid transit, and' I venture to say that
for exceedingly rapid transit the only chance of possible success is
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to take advantage of that which is the finest thing of all in electrical Tiwmpspn
engineering, the perfect flexibility and adaptability to requirements
afforded by the current when that current is an alternating one.

Mr. H. WARD LEONARD : I have a fair acquaintance with what can Leoinudd

be accomplished with the continuous current as regards large starting-
torque with a small amount of energy, and have given considerable
attention to the operation of large motors which have to be started
under very heavy loads, and operated at different speeds and reversed.

I have lately seen ene of the recent installations employing three-
phase motors upon railway work in Switzerland, and I must say that
when the car was started it seemed to me as though there were about
one donkey-power doing the accelerating. It did not convey the
impression to my mind of being able, with moderate power, to produce
the heavy starting-torque required for the rapid acceleration which is
such an important factor in electric railway work and many other
important applications of electric motors.

Perhaps my views on this point are' a little biassed, but it seems
to me that when we consider large railway motors the most important
points are : rapid acceleration, small starting energy, perfect and
simple control and ease of reversing, and the restoration into the
circuit of the energy at present wasted upon the brakes,

We find the possibility of obtaining all of these points in the
continuous current to a degree to which there is no promise as yet
in the alternating current.

When we consider the question of electrolysis, we are met with
difficulties in attempting to use a continuous current in the ground
return circuit, which seem insuperable except by capital expenditures
which are entirely uncommercial.

When we wish to transmit very large amounts of energy over the
long distances which are desirable, we all agree that the alternating
current is the only suitable one for the purpose.

These considerations have, for many years past, made me believe
that we ought to use the alternating current for the generation and

' transmission of our energy, and that we should have upon the moving
vehicle some means of transforming the alternating current into a
continuous current of controllable E.M.F., and that we should use this
continuous current of variable E.M.F. for operating the propelling
motors at the variable speeds required in practice.

These arrangements would give us large starting-torque with a
small consumption of energy, and even in the case of the largest
motors will give perfect control at any desired speed and simplicity
in reversing. It eliminates all difficulties due to the electrolytic action
of the continuous current in the ground circuit. It gives us the power
to employ motors of practically unlimited power at practically un-
limited distances for railway and other variable speed uses, and entirely
eliminates the expensive and inefficient sub-stations of to-day.

It seems to me that the electric railway is the application of electric
power which is going uto exert the determining influence upon the
methods of-using electric energy in the future, especially the railway
motors of very large size ; and it seems to me a significant fact that,
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Mr. \yard after twelve years of development by the leading engineers of all
countries, there are no alternating current motors exhibited at this
exposition for railway service or any other duty having similar require-
ments.

Professor Professor PERRY : Mr. Carl Hering, M. Mascart and" I waive our
eiry- right to say anything on this question, although we could, of course,

join heartily on one or other side. I beg to say that we think it better
to have no vote upon this discussion as it is an incomplete discussion—
one which is adjourned. The specimen sent by the Board of Trade
will be on view in our room in the British Pavilion.

At the conclusion of the discussion, brief references to certain
objects possessing special or novel interest in the electrical sections of
the International Exhibition were made successively by M. Hospitalier,
Major-General Webber, Mr. Gavey, and Mr. Hering. Summaries of
their remarks are appended, with the exception of those of Mr. Gavey,
who has expanded his account of Class 26 into a paper to be read
before the Institution in November (see page 73).

NOTICE OF EXHIBITS IN CLASS 23 IN THE
PARIS EXHIBITION.

PRODUCTION ET UTILISATION MECANIQUES DE L'ELECTRICITE.

By E. HOSPITALIER.

In the Universal and International Exhibition of 1900,
a whole group (Group V.) is devoted to the subject of Elec-
tricity ; and this group is divided into five classes, numbered
23 to 27, of which the first-named (Class 23) is entitled, Pro-
duction et Utilisation Mecaniques de I'lilectricite. In the short
space of time at my disposal I can only refer to the machines
and apparatus possessing the most novel interest in this
class, and I ask your indulgence if my enumeration of these
is somewhat suggestive of a catalogue.

Continuous Current Dynamos.—Progress since 1889 in
this class of machine is evidenced mainly in the constantly
increasing power of the machines. The dynamos exhibited
by the firm of Siemens Bros, and Co., of London, and
M. Thupy's constant-current dynamo shown by the Com-
pagnie de 1'Industrie Electrique, of Geneva, merit special
examination.




